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7RSUHOLPLQDU\LQYHVWLJDWHWKHVHHIIHFWVDQGKRZDOHDNODZFDQEHDSSOLHGWRUHODWHSUHVVXUHVDQG01)DILHOGWHVW
KDVEHHQFDUULHGRXWRQDVPDOO'0$,QWKHIROORZLQJWKHUHVXOWVRIWKLVFDVHVWXG\DUHVKRZQDQGGLIIHUHQWSUHVVXUH
PHDVXUHPHQWQRGHVDUHFRQVLGHUHGWRWHVWWKHDSSOLFDELOLW\RIWKHSRZHUOHDNODZWRWKHUHODWLRQVKLSEHWZHHQSUHVVXUH
DQG01)
7KH&DVH6WXG\
7KH'0$
7KHVPDOO³&HQWUR6WRULFR´'0$LVRQHRIWKHIRXULQZKLFKWKHZDWHUGLVWULEXWLRQQHWZRUNRI/HQRODDYLOODJH
VRXWKRI5RPHLVGLYLGHG,WVZKROHSLSHQHWZRUNOHQJWKLVDERXWNPH[FOXGLQJFXVWRPHUFRQQHFWLRQVDQGLW
SURYLGHVZDWHUWRDERXWFXVWRPHUVRIZKLFKDUHGRPHVWLF7KHQHWZRUNWRSRORJ\)LJLVTXLWHVLPSOH
DNPPDLQIHZEUDQFKHVDQGWKUHHVPDOOORRSV7KHSLSHPDWHULDOVDUHFDVWLURQRIWKHNP+LJK'HQVLW\
3RO\HWK\OHQHLURQFXVWRPHUFRQQHFWLRQVQRWLQFOXGHGLQWKHFRQVLGHUHGQHWZRUNDUHPDGHE\LURQWKH
PRVW UHFHQW DQGE\+'3( WKHROGRQHV LQ WKH VDPHSURSRUWLRQ7KHQHWZRUNGLDPHWHUV VSDQ IURPDPP WR
PP7KH'0$LVFKDUDFWHUL]HGE\D ODUJHHOHYDWLRQYDULDWLRQDQG WKHGLIIHUHQFHEHWZHHQ WKHKLJKHVWDQG WKH
ORZHVWQRGHVLVDERXWP%DVLQJRQSUHYLRXVGDWDWKH'0$UHDOORVVUDWHLVHVWLPDWHGWREHRIWKHLQOHW
YROXPHPGZLWKDQDYHUDJH01)RIDERXWOV7KH'0$KDVEHHQFKRVHQIRULWVKLJKOHDNDJHOHYHODQG
EHFDXVHLWVLQOHWQRGHLVHTXLSSHGZLWKDQHOHFWURPDJQHWLFIORZPHWHUWRJHWKHUZLWKDSUHVVXUHUHGXFWLRQYDOYH359


)LJ'0$RI/HQROD,WDO\3UHVVXUHKHDGVDUHPHDVXUHGDWQRGHVIURPWRLQOHWLVDWQRGH
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)LJDVKRZVWKHPHDVXUHGYDOXHVRIWKHSUHVVXUHKHDGVKLZKHUHWKHVXEVFULSWLGHQRWHVWKHPHDVXUHPHQWQRGH
RI)LJ$VDQH[DPSOHKLVWKHFRQWUROOHGSUHVVXUHGRZQVWUHDPRIWKH3596WDUWLQJIURPWKHLQLWLDO359VHWSRLQW
DURXQGPWKHSUHVVXUHKHDGKKDVEHHQUHGXFHGZLWKIROORZLQJVWHSVRIDERXWPWLOOWRUHDFKWKHPLQLPXP
SUHVVXUHRIP7KHQWKH359KDVEHHQRSHQHGLQIROORZLQJVWHSVDOZD\VZLWKDPSUHVVXUHLQFUHDVHWLOOWKH
PD[LPXPDOORZHGSUHVVXUHKDVEHHQUHDFKHGJLYHQE\WKHXSVWUHDPWDQNOHYHO7KHQDJDLQZLWKRWKHUVWHSVWKH
LQLWLDOSUHVVXUHKDVEHHQUHVWRUHGLQWKLVFDVHZLWKVWHSVRIDERXWPHDFK7KHFRUUHVSRQGLQJYDOXHVRIWKHPHDVXUHG
IORZ4DUHVKRZQLQ)LJE$OOWKHYDULDEOHVLHWKHLQOHWIORZ4DQGWKHILYHSUHVVXUHKHDGVKLL «KDYH
EHHQDFTXLUHGHDFKPLQXWH$VVKRZQLQ)LJDIHZPLQXWHVEHIRUHWKHWHVWVWDUWVDIXUWKHU359GRZQVWUHDPRIWKH
SUHYLRXVRQHDQGXSVWUHDPRIQRGHKDVEHHQFRPSOHWHO\RSHQHGDQGDGLIIHUHQWIXQFWLRQLQJFRQGLWLRQLVDWWDLQHGLQ
WKH'0$7KLVRSHQLQJLQFUHDVHV4DQGWKHSUHVVXUHKHDGVKDQGKZKLOHLWVOLJKWO\GHFUHDVHVKDQGK
'DWD$QDO\VLV
'XULQJWKHQLJKWZKHQ01)RFFXUVWKHLQOHWIORZ4FDQEHDVVXPHGWREHRQO\RUSUHGRPLQDQWO\GXHWRZDWHU
OHDNDJH DQG KHQFH SUHVVXUH GHSHQGHQW >@ $V D FRQVHTXHQFH WKH UHJLVWHUHG GDWD DUH XVHG WR LQYHVWLJDWH LI WKH
UHODWLRQVKLSEHWZHHQWKHLQOHWIORZ4DQGWKHPHDVXUHGSUHVVXUHKHDGVKLLQWKH'0$FDQEHLQWHUSUHWHGE\PHDQV
RIDOHDNODZ
,Q)LJWKHYDOXHVRI4DUHSORWWHGYVKL,IMXVWRQHSUHVVXUHKHDGPHDVXUHPHQWLVDYDLODEOHLQWKHGLVWULFWWKH
UHODWLRQVKLSEHWZHHQWKHVHGDWDDQG4LVXVHGWRVLPXODWHWKLVVLWXDWLRQWKHUHODWLRQVKLSVEHWZHHQ4DQGWKHSUHVVXUH
KHDGPHDVXUHGDWHDFKQRGHDUHFRQVLGHUHGKHUH,IPRUHPHDVXUHPHQWQRGHVDUHDYDLODEOHDPHDQSUHVVXUHKHDG
YDOXHKP FRXOGEHDOVRFRQVLGHUHG ,QRUGHU WR WDNH LQWR DFFRXQW WKHXQNQRZQVSDWLDO YDULDELOLW\RI WKH LQYROYHG
TXDQWLWLHVE\PHDQVRIWKHDYDLODEOHYDOXHVRIWKHSUHVVXUHDWVRPHQRGHVRIWKH'0$WKHODWWHUFDQEHHVWLPDWHG
IROORZLQJGLIIHUHQWFULWHULD,QWKLVFDVHDZHLJKWHGPHDQLVXVHGZKHUHWKHZHLJKWVDUHHTXDOWRWKHVXPRIWKHOHQJWKV
RIWKHSLSHVFORVHVWWRHDFKPHDVXUHPHQWQRGHGLYLGHGE\WKHHQWLUH'0$SLSHOHQJWK

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7RLQWHUSRODWHWKHUHVXOWVDVVXPLQJWKDW WKH01)DOPRVWFRLQFLGHVZLWKOHDNDJH WKHSRZHUODZUHODWLRQVKLSLV
XVHG
E
L4 DK   
7KH XVH RI WKLV IRUPXOD KDV EHHQ UHFHQWO\ TXHVWLRQHG E\ PDQ\ DXWKRUV >@ >@>@ ,W LV ZLGHO\ XVHG DQG
LPSOHPHQWHGLQ(3$1(7>@ZKHUHELVGHILQHGDVWKHHPLWWHUFRHIILFLHQW
,Q7DEOHWKHUHVXOWVRIWKHILWWLQJWRWKHGDWDVKRZQLQ)LJDUHV\QWKHWL]HG
 7DEOH5HVXOWVRIWKHILWWLQJRIGDWD)LJE\PHDQVRI(T
L D E 5
   
   
   
   
   
P   

7KHYDULDWLRQRI4ZLWKSUHVVXUHKHDGVDWQRGHVIURPWRKDVDVLPLODUEHKDYLRXUVXJJHVWLQJWKDWWKHWRWDOKHDG
VXUIDFHWUDQVODWHVYHUWLFDOO\GXULQJWKHWHVW6LQFHWKHQRGHVDUHDWGLIIHUHQWHOHYDWLRQVDQGWKHZKROH01)LVDVVRFLDWHG
WRWKHSUHVVXUHKHDGDWMXVWRQHQRGHGLIIHUHQFHVDUHH[SHFWHGLQWKHILWWHGSDUDPHWHUVRI7DEOH3UHVVXUHKHDGVDW
QRGHVDQGDUHFORVHWRWKHPHDQYDOXHDQGKHQFHWKHILWWLQJVSURGXFHYHU\VLPLODUUHVXOWV:KHQ4LVUHODWHGWR
WKH'0$DYHUDJHSUHVVXUHKPRUWRUHSUHVHQWDWLYHYDOXHVRIWKHSUHVVXUHKHDGRYHUWKHGLVWULFWVXFKDVKDQGKWKH
H[SRQHQWELVFORVHWR2QWKHFRQWUDU\KDQGKKDYHDYDULDWLRQUDQJHRIyPDQGyPUHVSHFWLYHO\IDU
IURPWKHPHDQYDOXHVUDQJHyPDQGWKLVFDQH[SODLQWKHGLIIHUHQFHVLQWKHILWWLQJSDUDPHWHUV,QWKLVFDVHWKH
YDOXHRIEFDQQRWEHDVVRFLDWHGWRDOHDNDJHH[SRQHQWVLQFHWKHZKROH01)LVDVVRFLDWHGWRDYDOXHRIKWKDWGRHVQRW
UHSUHVHQW WKHRSHUDWLQJFRQGLWLRQVRI WKHV\VWHP1RWHZRUWK\ WKHYDOXHRI5VXJJHVWV WKDWERWKKDQGKFDQEH
HIIHFWLYHO\XVHGWRSUHGLFWWKHYDULDWLRQRI4EXWLWVKRXOGEHFOHDUWKDWWKLVUHODWLRQVKLSFRXOGQ¶WEHSURSHUO\FRPSDUHG
WRDOHDNODZ7KHHVWLPDWHGYDOXHRIEFRXOGEHGXHWROHDNVDOOJRYHUQHGE\WKHVDPHOHDNODZZLWKE 
3UHVVXUHKHDGPHDVXUHGDWQRGHKDVDGLIIHUHQWEHKDYLRXUDQGUHTXLUHVIXUWKHUDWWHQWLRQ,WLVUHDVRQDEOHWRH[SHFW
WKDWPHDVXUHVGRZQVWUHDPRID359RUDSXPSDUHDYDLODEOHHYHQZKHQQRRWKHUSUHVVXUHWUDQVGXFHULVXVHGLQWKH
'0$7KHYDULDWLRQUDQJHRIKLVyPEXWWKHILWWLQJSDUDPHWHUVDUHYHU\IDUIURPWKRVHFRUUHVSRQGLQJWRWKH
PHDQYDOXHVWKHH[SRQHQWELVHTXDOWR7RH[SODLQWKHVHGLIIHUHQFHVWKHSUHVVXUHKHDGV+ KLKLPLQDUH
SORWWHGLQ)LJUHIHUUHGWRWKHLUPLQLPXPYDOXHKLPLQFRUUHVSRQGLQJWRWKHPLQLPXP4YDOXH4
)RUWKLVRSHUDWLQJFRQGLWLRQWKHKHDGORVVHVDWWDLQWKHLUPLQLPXPDQGWKHWRWDOKHDGGLVWULEXWLRQLVDVFORVHVWDVLW
FDQEHGXULQJWKHWHVWWRDKRUL]RQWDOSODQHRYHUWKHGLVWULFW:LWKUHVSHFWWRWKLVFRQGLWLRQSUHVVXUHKHDGYDULHVLQ
WLPHEXWZKLOHGLIIHUHQFHVEHWZHHQWKHYDOXHVPHDVXUHGDWQRGHVDQGDUHYHU\FORVHWRHDFKRWKHUKVKRZV
DGLIIHUHQWEHKDYLRXU$VDFRQVHTXHQFHQHJOHFWLQJWKHYHORFLW\KHDGVZKLOHZHFDQDVVXPHWKDWWKHWRWDOKHDGVXUIDFH
PHDVXUHGDWQRGHVDQGWUDQVODWHVLQWLPHGXULQJWKHWHVWDORQJWKHYHUWLFDOGLUHFWLRQZLWKRXWDQ\DSSUHFLDEOH
VORSHYDULDWLRQWKHWRWDOKHDGDWQRGHLVQRWRQWKHVDPHSODQH

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)LJ7KHYDULDWLRQLQWLPHRIWKHSUHVVXUHKHDGVKLPHDVXUHGDWQRGHVL «UHIHUUHGWRWKHLUPLQLPXPYDOXHVKLPLQ

)LJ7KHYDULDWLRQRQWKHVTXDUHGGLVFKDUJHZLWKWKHWRWDOKHDGGLIIHUHQFHV
7RLQYHVWLJDWHZKHWKHURUQRWWKLVHIIHFWFDQEHH[SODLQHGE\KHDGORVVHVLQ)LJWKHGLIIHUHQFHRIWKHVTXDUHG
GLVFKDUJH44LVSORWWHGYVWKHKHDGGLIIHUHQFHV'+EHWZHHQQRGHDQGHVWLPDWHGDVKKPLQKKPLQ
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7KHJRRGDJUHHPHQWRIWKHGDWDZLWKWKHVKRZQOLQHDUILWWLQJLVFRQILUPHGE\5 +HDGGLIIHUHQFHVEHWZHHQ
QRGHDQGWKHWZRQRGHVDQGFDQQRWEHFOHDUO\H[SODLQHGE\KHDGORVVHVVLQFHWKHILWWLQJLVSRRUHUWKHQIRUWKH
SUHYLRXVFDVH5 DQGUHVSHFWLYHO\
7KH DSSUHFLDEOHKHDG ORVVHVEHWZHHQQRGHV DQG VXJJHVW WZRPDLQ FRQFOXVLRQV2Q RQHKDQG WKHQHWZRUN
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